Summary.-Mouse fibrosarcoma tumours were dissociated and divided into subpopulations of viable cells by centrifugation in linear density gradients of Renografin. Two of these subpopulations, designated Band 2 and Band 4, differed in their clonogenic ability in a lung colony assay. The less dense Band 2 cells were significantly more clonogenic than the Band 4 cells (2.9% vs 1.4% respectively). Each band was further separated on the basis of cell size by centrifugal elutriation. Each size class of cells comprising Band 2 showed higher clonogenic ability than the corresponding size class in Band 4. Thus cell size differences were not responsible for the clonogenic differences between these bands. To determine whether cell-cycle distribution of the tumour cells was responsible for differences in cloning efficiency, flow microfluorometric and premature chromosome condensation methods were utilized. The unseparated and Band 4 populations showed a higher percentage of cells in S and G2 than did the Band 2 populations, but many of the S and G2 tumour cells showed extensive chromosome damage. From this study we conclude that the increased clonogenic ability of the lighter tumour cells is not due to differences in cell size or cell-cycle parameters.
IN attempts to understand the growth parameters of solid tumours, investigations are hampered by the fact that they are comprised of heterogeneous populations of cells. This heterogeneity is a result of the variety of physiological conditions under which the cells exist.
Studies, therefore, have concentrated on characterizing subpopulations of cells comprising the tumour. In a prior report (Grdina et al., 1975) , we described in detail a procedure for the subfractionation of a murine fibrosarcoma (FSa) into at least 5 distinct populations of cells, by equilibrium density centrifugation using Renografin as the separation medium. Using a lung colony assay the lighter and larger cells were found to be more clonogenic than the smaller and denser cells. It was unclear, however, whether differences in clonogenicity were due simply to differences in cell size between the fractions or due to some other characteristic differences between these fractions.
In this communication, we report further efforts to characterize subpopulations of cells within the fibrosarcoma and attempt to determine whether clonogenicity differences between density subpopulations of cells can be ascribed simply to cell size differences. The density-separated bands were further fractionated by the method of centrifugal elutriation (Glick et al., 1971) . Cells are suspended in centripetally moving liquid and are subjected to a centrifugal force in an elutriator rotor (Beckman Instruments, Palo Alto, California) . Separation according to cell size is accomplished by adjusting the flow rate to allow cells with a sedimentation velocity below the equilibrium imposed by the opposing g forces to be carried out of the centrifugal field and collected (Grabske et al., 1975) . The resulting fractionated populations were then characterized with respect to clonogenic ability, position in the cell cycle, and morphology of prematurely condensed chromosomes.
MATERIALS AND METHODS
Mice.-Female mice C3Hf/Bu 10-12 weeks old from our specific-pathogen-free breeding colony were used in these experiments.
Tumours.-Second-to fourth-generation isotransplants of a methylcholanthreneinduced fibrosarcoma were stored in a liquid N2 refrigerator. All experiments were restricted to tumours of the fifth generation. Tumour cells were implanted s.c. into each of the hind legs of test animals, and all experiments were performed with tumours 10-12 mm in diameter.
Tumour cell suspension.-In each experiment, 4 tumours were excised and made into a single-cell suspension by mincing and trypsinization following a method described in detail elsewhere (Grdina et at., 1976) . Cell viability, determined by phase-contrast microscopy, was routinely greater than 95%. (Grdina et al., 1973) . The remaining aliquot of cells was diluted 1:10 with modified McCoy's (MMC) 5A medium supplemented with 5% foetal calf serum (FCS) (Humphrey, Steward and Sedita, 1970) (Meistrich, 1977) .
Centrifugal elutriation.-Each of the selected FSa populations recovered following centrifugation in linear density gradients of Renografin was further fractionated by the method of centrifugal elutriation. The apparatus used, incorporating the Beckman JE-6 elutriator rotor, is described in detail elsewhere (Meistrich, 1977) . The system was sterilized with 70% ethanol and maintained at 4°C . Cells suspended in 20 ml of media were introduced into the chamber at a flow rate of 5-4 ml/min with a rotor speed of 1525 rev/min. Lung colony assay.-The clonogenic ability of FSa cells was determined using a lung colony assay (Hill and Bush, 1969 (Milas and Tomljanovic, 1971) . Each experimental group contained 6 animals. After 14 days, the mice were killed, their lungs removed, the lobes separated and fixed in Bouin's solution, and the colonies of tumour cells scored.
Flow microfluorometry (FMF) . The DNA content of FSa cells separated from solid tumours was measured using a flow microfluorometer with a laser wave-length setting of 457 nm (Steinkamp et al., 1973) . Cells wvere fixed in 70o% ethanol and then stained with 50 mg/ml mithramycin (Mithracin, Chas.
Pfizer and Co., Inc., New York, N.Y.) a DNA-specific fluorescent dye that preferentially forms complexes with native DNA (Crissman and Tobey, 1974) in solution with MgCl2 (7.5 mM) and 12-5% aqueous ethanol (Barlogie et al., 1976) .
Computer analysis of FMF-DNA profiles.
The mathematical model used to fit these FMF data is described elsewhere (Johnston, White and Barlogie, 1977) . The coefficient of variation (CV) in percent is 100 x s.d. mean. This parameter is influenced by both the variability of the fluorescence of stained DNA in the G1 cells and instrumental variations. The CV of the peak representing G1 tumour cells ranged from 6-5 to 11%.
In many cases, the data we analysed were offset either to the right or left of the origin on the abscissa. Consequently, the mean of the G2 peak was not always positioned at twice the channel number of the mean of the G1 tumour peak. An estimate of the normal cell contamination in each of the tumour-cell suspensions was made by determining the area under the G1 normal peak and dividing it by the area under the total FMF profile (i.e., the area under both the tumour and normal peaks).
Premature chromosonme condensation.-Preinaturely condensed chromosomes (PCC) of the tumour cells were obtained by fusion with mitotic Chinese hamster ovary cells (CHO) using inactivated Sendai virus (Hittelman and Rao, 1974 (Grdina et al., 1975) . Cells collected having an average density of 1-14 (Band 4) were selected because they were less clonogenic and they responded to radiation in a manner characteristic of chronically hypoxic cells (Grdina et al., 1976 The modal cell volume increased steadily with increasing fraction number and sedimentation rate (Fig. 1) . The ratio of the modal volume of cells in Fraction 11 to that in Fraction 2 was >3 for both B2 and B4 cells. This is in contrast to studies performed using exponentially growing cultured cells, where this volume ratio was approximately 2 (Meistrich et al., 1977) .
Fractions of cells separated from each band were pooled into at least 4 size classes and their ability to form lung colonies was tested (see Table I ). These results, and those of unfractionated B2 and B4 subpopulations and an unseparated control population, are presented in Fig. 2 for comparison.
In every volume class, B2 cells exhibited markedly higher cloning efficiencies than did B4 cells. Thus, the difference in cloning efficiency between these subpopulations is not a function of cell size. Nevertheless, within each band, fractions of cells having average cell volumes less than 800 ,um3 had significantly decreased cloning efficiencies.
The clonogenic differences between unique density subpopulations might, to be related to the clonogenicity of these cells in the lung colony assay, under these conditions. In Fig. 2 it was shown that cell fractions having median volumes less than 800 tm3 had reduced cloning efficiencies.
Using flow microfluorometry, it was demonstrated that these earlier cell fractions (Fractions 1 to 4) also contained relatively increased proportions of normal cells. Since normal cells are not expected to form lung colonies, we must consider the possibility that the tumour cell count used might be in error. While care was taken to eliminate normal cells (i.e. small lymphocytes) from the count, some normal Table II The clonogenicities of these two populations were studied in a lung colony assav. This method is a quantitative test for the transplantability of tumours. Several factors, however, can influence this test. The formation of colonies in the lungs is a function of both the proliferative capacity of the cell and its tendency to be retained in the lung (Hill and Bush, 1969; Fidler, 1973) . Associated with this latter event are immune and host-recognition factors which will either allow or suppress clonogenic expression. It is also expected that as the size of the cell increased, the probability of its being entrapped in the microcirculation of the lung would increase. In order to better compare the clonogenic abilities, as distinct from metastatic abilities, of these two subpopulations, these other factors have to be miniimized. The efficiency of the lung colony assay is enhanced by the use of the whole-body-irradiated animals (Withers and Milas., 1973; Brown, 1973) . Irradiation with 1000 rad both suppresses the une system of the animal and causes damage to its vascular system. The addition of 106 heavily irradiated cells (i.e., 10,000 rad) to the tumour-cell inoculurm likewise increases the efficiency of the assay (Grdina et al., 1975) . Presumably, each of these procedures allows for a more efficient retention of viable tumour cells in the lungs of the host animals. It has been demonstrated elsewhere, by combining these procedures, that retention is greatly enhanced, and that tumour cells labelled with 125IUdR and ranging in size from 880 to 2150 Um3 (modal volumes) are equally retained in the lungs of recipient animals during the first 72 h after injection (Grdina et al., 1977a) . To test whether differences in cell size could account for the differences in clonogenic ability exhibited between the density-separated populations, the B2 and B4 populations were fractionated (Table II) . The lower cloning efficien-cies of these smaller cells might be due either to their reduced proliferative ability or to less efficient retention in the lungs. At present it is not possible to exclude either possibility. Cell populations from a L-P59 sarcoma, however, have been separated by centrifugal elutriation and clonogenicity assayed using ain in vitro method. The authors reported about a 10-fold reduction in plating efficiency for cells having average volumes less than 800 Hm3. It may be that the first few fractions collected contain small tumour cells with intrinsicallv lower clonogenic abilities.
Within each density class, however, little variation in cloning efficiency was apparent for cells larger than 800 HUm3. Since cells in each of these fractions were partially synchronized by elutriation (see Figs. 8 and 9 ), it is also apparent that cycle differences per se had little or no influence on cell clonogenicity. The situation becomes less clear, however, when these parameters are compared between each of the density-separated subpopulations and the unseparated control population. The less clonogenic B4 (Tobey, 1975; Rao and Rao, 1976) . The lower cloning efficiency of USC and B4 cells when compared to B2 cells suggests that the latter of these possibilities operates. Increased levels of chromosome damage have been correlated with reduced cloning efficiencies in vitro (Bhambhani, Kuspira and Giblak, 1973) . The possibility that tumour cells from unique density bands might differ in their chromosomal integrity is also consistent with observations of their relative radiation sensitivities. The survival curve for the radiation response of the denser fibrosarcoma cells irradiated in vitro exhibited a decreased shoulder (Grdina et al., 1975) . This phenomenon reflects the possibility that the denser tuimour cells contained more sublethal damage than did the lighter cells. These data are consistent with our present observation with the premature chromosome condensatioii technique that many of the late-S an(d G2 tumour cells contained extensive chromosome damage.
The appearance of relatively dense and non-clonogenic cells is probably a reflection of the adverse environmental conditions to which they were exposed in the tumour. Previous results with Chinese hamster ovary cells in culture indicated that multiple subpopulations differing in density arose during late plateauphase (Grdina, Meistrich and Withers, 1974) . This is an adverse stage of growth which is marked by both cell proliferation and cell loss. In both systems, tumour and culture, the populations enriched with clonogenic cells were recovered at the lighter densities. In this communicatioii we have investigated selected cellular parameters in an attempt to understand the basis of these differences in clonogenicity. We conclude that clonogenic differences between unique density subpoplllations of a murine fibrosarcoma cannot be explained by differences in the parameters of cell size or position in the cell cvcle.
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